Purpose. The Quality of life and Vision Function Questionnaire (QOL-VFQ) was developed using classical test theory to assess outcomes of cataract surgery. The aim of this study was to examine the psychometric properties of this questionnaire using Rasch analysis in a cataract population. Methods. The 17-item QOL-VFQ was self-administered to 389 patients waiting to undergo cataract surgery. The QOL-VFQ and its five subscales were assessed for fit to the Rasch model. Rasch analysis was used to estimate interval level measures of "visual ability" from ordinal scores for the QOL-VFQ and its five subscales. Unidimensionality, item fit, response category performance, and targeting of items to patients were assessed. Results. The QOL-VFQ and its five subscales showed ordered category thresholds. Despite removal of two misfitting items the person separation reliability was high and the QOL-VFQ could distinguish among three strata of patient ability. However, there was suboptimal targeting of patient ability to item difficulty as most of the patients had higher levels of visual functioning. None of the subscales demonstrated acceptable psychometric properties. Conclusions. These results support the good overall functioning of the QOL-VFQ in patients with cataract. However, adding more items, that suit the more able patients including those who are awaiting cataract surgery in the fellow eye, will help improve the targeting. (Optom Vis Sci 2009;86:E836-E844) 
T
here is growing consensus among researchers that patientreported outcomes (or questionnaires) are important in the comprehensive assessment of patients with ocular conditions including cataract, especially for the measurement of outcomes. [1] [2] [3] [4] [5] [6] Questionnaires can provide a comprehensive picture of visual disability beyond the results of a clinical evaluation. 7 Using classical test theory (CTT), 8 -10 the Quality of Life and Vision Function Questionnaire 11 (QOL-VFQ) was developed and validated in a heterogeneous group of ocular patients, which included a subset with cataract. A major limitation of the CTT approach is the use of Likert scoring with the erroneous allocation of equal weight to all the items in the questionnaire, and thereby treating the whole questionnaire as interval scale based on ordinal level scoring. 10, [12] [13] [14] [15] This limitation is overcome by the use of item response theory, 16, 17 in particular Rasch analysis, that makes use of interval-level data. 15, 18 Recently, Rasch analysis has been applied to revalidate the other visual disability questionnaires, Visual Functioning-14 (VF-14), Activities of Daily Vision Scale (ADVS), and Visual Disability Assessment for the cataract population. 3, 6, 19 The QOL-VFQ was reported as reliable and valid questionnaire, by CTT, for the assessment of "self-reported visual satisfaction by ophthalmic patients with visual impairment from chronic eye diseases" including cataract, glaucoma, age-related macular degeneration, branch retinal vein occlusion, and minor refractive errors (Ͻ5 D). 11 The limitations of CTT and their potential resolution with Rasch Analysis prompted us to conduct this study. The aim of this study was twofold: first, to determine whether item response theory scoring criteria, using Rasch analysis would be appropriate for the 17-item QOL-VFQ in patients with cataract; and second to provide the clinicians and researchers with an Excel sheet for ready conversion of raw scores to Rasch scores, and so as to obviate the need for Rasch Analysis for routine clinical outcomes assessment.
METHODS

Quality of Life and Vision Function Questionnaire
The Quality of Life Visual Functioning questionnaire was described as being able to measure "quality of life, visual functioning, and visual satisfaction." 11 The QOL-VFQ consists of 17 questions ( Table 1) that can be grouped into six subgroups; self-assessment of visual satisfaction, visual field, distance visual acuity, near visual acuity, sensory adaptation (light/dark adaptation, glare), and color vision. Each question is rated on a three-point scale consisting of (1) "not at all," (2) "quite a lot," and (3) "very much." Therefore, higher scores represent poorer visual functioning. The total questionnaire is calculated by averaging the six subgroup scores.
Three preliminary questions that intend to explore the patient's attitude with regard to his/her health condition did not contribute to the overall questionnaire. Therefore, these questions were not included in our analyses. Notably, the QOL-VFQ was developed for an Italian population. The instrument was reported in English, and we used this version of the QOL-VFQ for this study. Also, the instrument was originally interviewer administered but in this study it was selfadministered.
Subjects
Patients awaiting a cataract extraction procedure in one eye or both eyes at the Flinders Eye Centre, Flinders Medical Centre, Adelaide, South Australia comprised the subjects of this study. Patients were aged 18 years or older, English speaking and had no severe cognitive impairment. Although on the cataract surgery waiting list (patients wait for an average of 3 to 4 months for surgery) patients were sent the QOL-VFQ for self-completion and return via a self-addressed envelope. Ethical approval was obtained, and all patients who agreed to participate signed a consent form. The study was conducted in accordance of the Declaration of Helsinki. These patients had coexisting ocular and systemic comorbidities and this study sample appears to be representative of the elderly cataract population in Australia. 20 Mean age of the patients was 74.2 years (SD, 9.6). The male/female ratio was 4:5. The socio-demographic data of the patients who completed the QOL-VFQ is shown in Table 2 .
Clinical Assessment
Routine clinical assessments were performed before cataract extraction. Visual acuity assessments were performed using computerized testing based on logMAR principles and the illumination was 150 cd/m 2 . All the assessments were performed binocularly as binocular acuity is thought to be representative of real world ability. 21, 22 Thus, we used binocular visual acuity in all our analysis.
Rasch Analysis
Over the last decade, a number of studies that have used Rasch analysis and have dealt with it in detail (refer to ref. 7 for a detailed mathematical description of the Rasch model). A major advantage of Rasch analysis is that it places the items and the persons along a single ratio scale, the units being logits (i.e., log odds). For ease of interpretation and consistent with the idea that higher scores represent better functioning, 23, 24 we reversed the rating scale for Rasch analysis. In this study, logits of higher positive magnitude represent greater item difficulty and higher person ability.
In brief, the Rasch model is a probabilistic model meaning that a certain amount of error is assumed in the model and the use of the model will, therefore, be driven by its goodness-of-fit of model to the data. Thus, there are three main parameters that are assessed in this analysis: behavior of the rating scales (or category thresholds), fit statistics, and separation indices.
The Rasch rating scale model is developed for use with data with ordered response categories. Therefore, the QOL-VFQ data were fitted to the Rasch rating scale model using the Winsteps software 25 (ver. 3.66, Chicago, Winsteps.com). Under this model, category thresholds are the same for all the items in a scale, and the items differ only in their locations whereby the thresholds are relative to item difficulty. The category probability curves provided by Winsteps are a graphical representation of the usage of the response categories that enables the researcher to decide if usage is satisfactory or whether changes need to be made. Response scale malfunction may require repair such as a change in the number or description of response categories. Where response categories are disordered or underutilized, a simple solution can be to combine or collapse adjacent response categories. Collapsing categories can often improve the performance of the overall scale, as well as reduce burden on the respondent and save time. However, the new response categories remain theoretical. The new response categories should be tested for appropriate functioning before the redesigned questionnaire can be recommended for future use. 26, 27 Key indicators of questionnaire functioning within the Rasch model are person separation statistics. Separation indices include the person separation index and reliability. The higher the reliability, the better the questionnaire is in terms of its ability to discriminate among subjects. Values of a person separation of 2.0 results in a reliability of Ͼ0.8 and is the minimum recommended acceptance level. 28 The two fit statistics that are used include the Infit and Outfit. Infit represents the information-weighted mean square residual difference between the observed and expected responses. The Outfit statistic is the unweighted mean square residual and is more sensitive to outliers. When both statistics have a value of 1 satisfactory model fit is suggested. Values Ͻ0.7 (indicate redundancy) and Ͼ1.3 (indicate inconsistent responses) suggest misfit of the model and the data. A misfitting item indicates that the item is either poorly defined or is measuring something different (for e.g., different ability). 6, 29, 30 Such misfitting items can either be revised to improve clarity or the response option clarified to the subject. 31 In addition, there may be some odd responses causing misfit to the model. However, if the items still misfit then they should be deleted and while deleting it is more important to delete the underfitting ones (Ͼ1.3) in preference to the overfitting ones. Retaining the overfitting ones only increases the length of the questionnaire but does not do much harm to the measurement properties of the questionnaire.
The other important attribute of items that is tested with Rasch analysis is targeting of item difficulty to person ability. 32 A good measure should be able to differentiate persons across the full spectrum of ability in the population. Therefore, the instrument requires items to vary in difficulty over the range of person ability. Rasch analysis illustrates targeting of item difficulty to patient ability in the person-item map and reports the difference in targeting between items and patients in terms of the difference in means. Ideal targeting exists when the mean of items equals the mean of persons; the greater the difference in means the poorer is the targeting.
One of the major requirements for Rasch analysis is unidimensionality and local independence. 33 Unidimensionality means that the questionnaire is measuring a single latent trait or ability, and local independence means that a subject's responses to the items are statistically independent. We assessed for these properties by performing a principal components analysis of the residuals. We used the criterion that the first contrast should have an eigenvalue of Ͼ2.0 to cause us to reject the assumption of unidimensionality, as this level was greater than the magnitude seen with random data. 25 We also assessed Differential Item Functioning (DIF) which occurs when subjects with equal amount of the latent trait (visual disability in this case) respond differently to a particular item. We assessed DIF by age, gender, presence or absence of systemic and ocular comorbidities, cataract status (i.e., if the patient underwent cataract surgery in any eye). Cataract surgery is performed over a wide range of ages, DIF by age in the groupings Ͻ74 and Ն74 years was conducted to explore whether it had a confounding effect on item responses. Similarly, DIF by gender was assessed as some items may be gender-specific. DIF by cataract status was assessed as it is possible that tasks difficulty varies depending on whether vision is poor in one eye or two. Similarly, some items may be relatively more difficult in the presence of coexisting systemic or ocular co-morbidities, and therefore it was decided to assess DIF for these variables too. We used the following criteria for DIF assessment: small or absent if the difference in logits was Ͻ0.50 logits, 0.50 to 1.0 logits as minimal (but probably inconsequential) DIF and Ͼ1.0 logit as notable DIF. If significant and meaningful DIF is found, it may indicate that the interpretation of the scale may differ by group and is, therefore, biased by gender or age etc.
FIGURE 1.
Category probability curves for the 15-item QOL-VFQ illustrating the range over which each of the three categories is most likely to be chosen. Boundaries occur at points along the scale where the category most likely to be chosen changes from one to the next.
Quality of
We analyzed the subscales separately and used the same procedures and criteria for reliability and validity as that of the overall questionnaire. However, the subscale for color vision contains only one item and Rasch analysis cannot be done for a single item.
We used SPSS software (version 15.0, Chicago, IL) to perform all the descriptive analysis. We set statistical significance at p Ͻ 0.05.
RESULTS
Psychometric Properties of the QOL-VFQ
Rating Scale and Reliability
A total of 389 patients were included in this study. The missing item responses ranged between 0.08 and 5.7%. The category thresholds were all ordered (Fig. 1) indicating the original rating scale functioned well. The overall performance of the QOL-VFQ was acceptable with satisfactory fit to the Rasch model. High measurement reliability was demonstrated by high separation indices for 17-item QOL-VFQ indicating the capacity to distinguish between three strata of patient ability (Table 3) .
Item fit
Two items misfit-"How much is your driving/vision disturbed by the lights of oncoming cars"? and "How much problem do you have in recognizing colors"? Of these, the former was most misfitting (Infit MNSQ, 1.33) and after it was deleted, the item related to recognizing colors misfit (Infit MNSQ, 1.31). After deletion of these items, the remaining 15 items fit well (Table 4) , and the separation indices continued to remain high ( Table 3 ). The category thresholds were all ordered for the 15-item QOL-VFQ. Fig. 2 represents the person-item map for the revised 15-item QOL-VFQ that consists of the person's ability level (left) and item difficulty (right). The person ability ranged from Ϫ6.52 to 6.52 logits with a mean of 2.44 logits and a standard deviation of 2.32 logits. The range of person ability was not significantly different from a normal distribution (K-S test ϭ 0.96, p ϭ 0.31). There was a large ceiling effect with one-half persons located above the mean value of the most difficult item-read newspaper. The person-item map demonstrated an uneven spread of items across the entire range of person ability, suggesting that there was less than optimal targeting of item difficulty to patient ability. Most of the items lined up with the bottom one-half persons, suggesting that most of these items were targeting the less able patients, and, therefore, patients with higher visual ability (or less impaired) could not be differentiated well by the items; especially those at the ceiling. The positive mean person ability suggested that the patients in our study had a higher level of visual functioning than the average difficulty of the QOL-VFQ items.
Targeting
Some of the more difficult items (in order of difficulty) were related to reading an article in newspaper, concern with possible worsening of one's visual condition and being unhappy with one's visual condition. In contrast, some of the less difficult items (in order of ease) were related to feeling less inclined to meet people/ friends, feeling useless or burden to others, and bump against other people when in crowded areas (Table 4) .
Differential Item Functioning
The QOL-VFQ showed DIF by gender for five items. Four of these showed moderate DIF and only one showed large DIF. The four items that showed moderate DIF and were rated relatively easier to endorse by males compared to other items included performing ordinary daily activities (0.67 logits), unhappy about visual condition (0.60 logits), concern about possible worsening of visual condition (0.58 logits), and feeling less inclined to meet people, friends (0.81 logits). The only item that showed large DIF was doing manual activity (1.52 logits) and was rated by females as relatively easy to perform. Two items showed moderate DIF by age: crossing the street (0.63 logits) and reading an article in a newspaper (0.51) both rated by older age group (Ն74 years) as relatively easier to perform. One item showed DIF by presence or absence of systemic comorbidity: doing manual activity was rated 1.06 logits easier in the group with systemic comorbidity. Two items showed DIF by the cataract status, i.e., bilateral vs. unilateral cataract: concern with possible worsening of condition (rated 0.50 logits easier in group with bilateral cataract) and problems in perceiving a dip on the ground (rated as 0.55 logits relatively easier by patients awaiting cataract surgery in the fellow eye).
Dimensionality
Principal Components Analysis of the residuals gave the unexplained variance explained by the first contrast as 1.9 eigenvalue units which supports the assumption of unidimensionality. 
Criterion Validity
There was a fair and statistically significant relationship (r ϭ Ϫ0.27, p Ͻ 0.0001) between the binocular visual acuity and the Rasch scaled QOL-VFQ score.
Performance of Subscales within Rasch Model
We performed a separate Rasch analysis on each subscale as per the approach taken to the full version of the QOL-VFQ above. Table 5 shows the results. The person separation was uniformly below the accepted level (2.0) for each of the subscales indicating their poor discriminatory abilities. Similarly, the targeting was also poor for all the subscales although it was relatively better for the "sensory adaptation" subscale suggesting that the difficulty posed by the items included in this subscale closely match the patient's abilities. However, this subscale also suffered from low reliability indicating that one cannot rely on the person measures obtained. In summary, none of the existing subscales provided a valid measurement and no amount of modification could repair the performance of these subscales. Perhaps, adding more items to these subscales could improve their performance.
DISCUSSION
Reliability Comparison with Other Studies
The original and revised version of the QOL-VFQ both displayed high person separation indices and reliability. This suggests that the QOL-VFQ can differentiate between three strata of patient abilities. The reliability of QOL-VFQ in the current study is comparable with other questionnaires validated using Rasch analysis in cataract patients. 6, 19 However, these questionnaires used more response categories in the original version that required collapsing. For example, the ADVS was reported to have a person separation of 2.37 for the disordered 5-point response scale and 2.53 for the revised 3-point response scale. We observed ordered category thresholds for the QOL-VFQ that did not require response categories to be collapsed. This optimal utilization of the categories is perhaps related to the use of only three aptly worded (such as "not at all," "quite a lot," and "very much") categories in the rating scale. These categories suited the higher abilities of our patients.
Targeting
Rasch analysis places the items and persons along the same scale, enabling simultaneous comparison of item difficulty and person ability (Fig. 2) . This feature is lacking in the CTT methodology. 8, 34 A well targeted instrument has evenly spaced, well-fitting items and the persons are positioned opposite the items at the same level in the person-item map that can provide a good measurement, much like a ruler. 35 However, we observed a large ceiling effect with a small floor effect for the QOL-VFQ because many of our patients had no difficulty, even with the most difficult activityread newspaper. On visual inspection of the person item map it appears that there are no items that target persons with higher visual ability, but this is not entirely the case because the items use multiple response categories and each item is represented not just by its mean value but levels of endorsement. Such intricate details may not be readily apparent in the person-item map. Nevertheless, the ceiling effect belies the poor targeting from which we can deduce that the instrument would be better suited to a more impaired population. The QOL-VFQ may, therefore, function optimally in a severely visually impaired cataract population, for example, in certain regions such as China and Africa where patients present at a relatively later stage for surgery than in Australia. 36 The mean person ability for patients awaiting cataract surgery in the second eye was statistically significantly higher (2.72 Ϯ 2.40 vs. 2.21 Ϯ 2.30 logits, Independent Samples test, F ϭ 0.44, p ϭ 0.04) than for those awaiting surgery in their first eye. This finding is predictable as it would be expected that it would be easier to perform activities after surgery in one eye. This raises the concern of what targeting would be like after second eye cataract surgery; likely it would be even worse. Given the existent problem of a ceiling effect, it is likely that the measurement of surgical outcome with the QOL-VFQ would be impaired by this ceiling effect. The mean person ability (2.44 logits) of entire study sample in the QOL-VFQ suggested that our patients, on an average, had a high level of visual functioning. Although two thirds of our patients were waiting to undergo cataract surgery in their first eye, most of all our patients were, however, not severely visually impaired as evidenced by their mean visual acuity (logMAR 0.22 or 6/9.5 Ϫ1 ). Nevertheless, visual disability is an essential indicator for cataract surgery in our patients. All patients had some disability, although not necessarily for most of the activities listed in the QOL-VFQ questionnaire.
Poor targeting in patients with cataract has been a common feature with other questionnaires too such as the ADVS, 6 Impact of Visual Impairment (IVI), 37 and the 10-item Vision Core Module 1 (VCM1) 38 that have been revalidated previously using Rasch analysis. The VF-14 19 also shares the same shortcoming. Interestingly, all these questionnaires including the QOL-VFQ do not contain enough difficult items relevant to visual disability in patients with cataract. Therefore, similar to suggestions made for the ADVS, 6 VF-14 19 and the Impact of Visual Impairment questionnaire 37 and VCM1, 38 the poor targeting of the QOL-VFQ could be improved by adding more items that match the abilities of people with less visual disability. These items could relate to activities requiring fine resolution such as threading a needle, recognizing faces at a distance, locking/unlocking doors etc. However, adding more items will require further retesting of the instrument's psychometric properties. This problem could be avoided if questionnaires are originally developed using Rasch analysis. 4, 5, 32, 39 Six items (e.g., recognize person, crossing the street, performing ordinary daily activities, feel burden) were located below the mean of the item group indicating that these were too easy for the patients and do not help in differentiating them. Of these seven items, the least difficult were "meeting people," "feeling burden" and "bump against other people." The item positions for "feeling burden" and "bump against other people" were overlapping by being located along the same line suggestive of possible redundancy.
Item Reduction and Dimensionality
Two items showed misfit. After the removal of these items, the other items showed acceptable fit statistics. The misfitting items were "How much is your driving/vision disturbed by the lights of oncoming cars"? and "How much problem do you have in recognizing colors"? The misfit of the driving item was not surprising as it is not unusual for driving items to misfit a visual disability scale. This suggests that the item is being influenced by something other than visual disability. 6, 29, 30 The misfit probably occurred because 157 (40%) patients were non-drivers (either had stopped driving due to visual reasons or did not possess a driver's license), whereas the remaining patients had higher levels of difficulty with this Person-item map for 15-item QOLVFQ. The subjects are on the left of the dashed line and more able subjects are located at the top of the map. Items are located on the right of the dashed line and more difficult items are also located at the top of the map. Each "#" represents four subjects, and each "." represents three subjects. M, mean; S, 1 SD from the mean; T, 2 SD from the mean. activity (i.e., they chose the higher category). Removing this item did not significantly influence the separation indices. This finding lends credence to the notion that this item was producing as much noise as signal, because removal of a good fitting item should ideally cause a loss of precision. 35 Rasch analysis demonstrated the 15-item QOL-VFQ to be unidimensional suggesting that all the items were indeed measuring a single underlying trait, i.e., visual disability. This has clinical implications in that a single summary score can now be used to represent the visual disability arising from cataract that could help making decisions in prioritizations for surgery; although the poor targeting limits its value for these applications. Our finding of unidimensionality for the QOL-VFQ is consistent with the VCM1, 38 another questionnaire that was revalidated using Rasch analysis in a cataract population.
Differential Item Functioning
As in the current study, it is not uncommon to come across DIF with a large sample. The power to detect DIF increases with sample size. 40 There was, however, some large DIF for gender related to performing manual activity which women seemed to consider represented easier tasks than men did. The level of gender bias found with this item suggests its deletion, which we consider a valid option. However, deleting items should be considered cautiously as deleting a good fitting item could lead to a lowering of its reliability and validity. 40 The remaining items that showed DIF were probably at too low a level to cause great concern. Moreover, of all the items that showed DIF, six showed DIF in one direction whereas the others showed DIF in the opposite direction. This suggests that the DIF for the QOL-VFQ is of limited consequence for its measurement properties. However, DIF was entirely absent in our previously Rasch revalidated questionnaires, the IVI, 37 and VCM1 38 in a similar cataract population.
Performance of Subscales
None of the five subscales functioned well. All attempts to repair functioning of the subscales, for example removing less well fitting items, did not help overcome these problems. The fundamental problem is that all of these subscales have too few items to discriminate the patient population; the addition of items to each subscale is required. This finding is consistent with previous studies that found for subscales to function satisfactorily, sufficient length was a key attribute. 41 Although it is ideal that investigators wishing to use the QOL-VFQ obtain Rasch scores for their own data by performing Rasch analysis, it may not always be realistic and yet they may want to utilize the full potential of Rasch analysis. Furthermore, if future applications of the QOL-VFQ in another population believe that their sample is significantly different from that of the present study (i.e., an Australian population), then we suggest that researchers perform Rasch analysis for their own sample. However, as indicated as one of aims we developed an Excel sheet (available from the authors or from the journal's website) for ready conversion of raw scores to Rasch-scaled scores (in logits). All these steps will encourage clinicians and researchers to use patient-reported outcomes more frequently in their evaluation of outcomes of cataract surgery.
The provision of spreadsheet for the conversion of raw responses to Rasch measurement enables other researchers to use this questionnaire and gain the benefits of interval measurement. However, there are other questionnaires that could equally be used. Any existing instrument can be scored with Rasch analysis, but without thorough revalidation, problems like item misfit may exist. Several questionnaires have been revalidated using Rasch analysis and some of these have conversion spreadsheets provided-IVI, 37 
VCM1
. 38 A better approach would be to develop new questionnaires using Rasch analysis that would provide better targeting in particular. However, the next step really should be the development of an item bank and computer-adaptive testing in which a large number of items can be tailored to provide the maximum amount of information based on a participant's response to previous items. Such item banks exist for other areas of health care, [42] [43] [44] but a similar approach for ophthalmology is lacking which calls for the development of such item banks.
CONCLUSIONS
In conclusion, we found that QOL-VFQ could be improved by slightly modifying the original QOL-VFQ items and by shortening it to 15 items. The modified QOL-VFQ performed well on most aspects of the assessment: it has good discriminative ability, unidimensionality, items all fit the construct, the response scale functions well and there is a small amount of DIF which is probably not of a magnitude to be problematic. The only serious problem for the overall scale was the poor targeting of item difficulty to person ability in this cataract population from Australia. Due to the poor performance of the subscales we do not recommend that these subscales be used.
